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THE  TROUBLE  WITH  CHLOROPHYLL: 

CAUTIONS  REGARDING  THE  COLLECTION  AND  USE  OF 

CHLOROPHYLL  DATA 


Resource  managers  and  researchers  from  man> 
agencies  commonl\  use  chloroph\ll  as  a  trophic 
status  mdicator  Although  \anation  m  chlorophxll 
concentration  tends  to  be  the  most  ca  ident  consequence 
of  changes  in  trophic  status,  there  are  problems  imohed 
with  using  this  test  as  a  basis  for  either  setting  trophic 
status  objeclnes  or  detecting  long-term  change  These 
problems  can  be  summarized  as  follows: 

•  the  collection  and  submission  of  chlorophyll 
samples  require  precautions  that  are  complex 
compared  to  other  trophic  status  parameters 

•  changes  in  anahtical  methods  ma>  disrupt 
long-term  chlorophyll  data  sets. 

•  significant  seasonal  and  mter-aimual  variation 
in  chloroph\  11  requires  the  collection  of  large 
numbers  of  samples  o\er  many  years. 

•  man\  different  chloroph\ll  pigments  are 
commonh  measured,  le:  Chi  a.  b.  c.  chl  a 
corrected  etc..  concentrations  of  these  pigments 
ma>  not  correspond  to  actual  ph>1oplankton 
cell  densities. 

DAT.A  COLLECTION 
Chloroph\ll  samples  must  be  collected  into 
opaque  bottles  and  immediateK  fixed  with  magnesium 
carbonate  (MgCO-,  ensures  that  the  sample  remams 
"basic"  to  a\oid  con\ersion  of  priman  pigments  to 
phaeopigmcnts  under  acidic  conditions).  The\  must  then 
be  kept  cool  and  filtered  as  soon  as  possible.  The 
filtrate  must  be  trozai  and  transported  to  the  lab  without 
being  allowed  to  thaw.  This  makes  the  remote 
collection  of  samples  ditTicult  or  impossible  such  that, 


from  the  onset.  chloroph>ll  data  can  present 
uncertainties  if  the  samples  ha\e  not  been  collected 
under  stncth  controlled  conditions. 

Chlorophyll  samples  are  often  collected  as  euphotic 
zone  composites  and  reported  as  ice-fi"ee  means.  The 
euphotic  zone.  usualK  approximated  as  t\\  ice  the  Secchi 
disc  MSibilitN .  IS  sometimes  well  mixed  smce  much  of 
this  layer  is  composed  of  epilimnion.  Howe\  er  algal 
cells  will  often  stratif>  dramaticalK  below  the 
epilimnion  and  this  can  occur  e\en  in  mixed  la>ers 
(Fig.  1).  This  means  that  chloroph\ll  concentrations 
based  on  euphotic  zone  composite  samples  may  vary 
based  simpK  on  the  phv  sical  collection  methods  ie;  how 
the  water  is  combmed  in  proportion  from  gi\  en  depths. 
This  is  \er\  rele\ant  in  situations  where  the  depth  of  the 
euphotic  zone  relate  e  to  the  thermoclme  changes  over 
lime. 
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Figure  1 :  Vertical  distnbution  of  Chl  a  in  Plastic  Lake. 


CHANGES  IN  AN/\LVTIt  Al.  METHODS 
The  reported  concentrations  of  chl  a  ha\  e  been 
subject  to  methods  changes  at  the  MOEE  laboratories. 
The  long-term  data  base  has  been  most  notably  broken 
due  to  changes  in  the  methods  that  occurred  in  1 985.  At 
that  time,  a  switch  to  nylon  filters  increased  extraction 
efficiencies  of  the  acetone.  This  resulted  in  an  mcrease 
in  post  "85  values.  Although  it  may  be  possible  to 
•align"  the  data  before  1985  to  match  current  values, 
thtTC  is  no  single  correction  iaclor  that  can  be  applied  to 
these  data.  Data  base  managers  who  have  chlorophyll 
values  spanning  1985  should  refer  to  the  documentation 
referring  to  the  methods  changes  which  was  published 
by  the  Lab  Services  Branch  m  1985. 


SEASONAI.  AND  INTER-AMVIIAI,  VARIATION 
The  largest  problem  with  the  interpretation  of 
chlorophyll  data  is  associated  with  seasonal  and  inter- 
annual  vanation.  Chlorophvll  concentrations  vary 
significanllv  on  a  seasonal  basis  w  ithin  lakes  and  often 
show  different  seasonal  patterns  between  lakes  (Fig.2). 
In  addition  there  is  a  great  amount  of  long-term,  or 
between-\ear  \anation  in  the  ice-frce  means  for 
mdiMduai  lakes.  (Fig.3)  This  makes  it  necessarv  to 
collect  numerous  samples  each  v  car  to  denv  c  ice-free 
means  that  are  close  to  the  actual  \  alue.  and  man\  years 
of  this  t\pe  of  data  are  required  to  estimate  the  long- 
term  mean  (Tabii-  1).  Thus  it  is  difficult  to  assess 
whether  observed  changes  m  chlorophvll  are  actualK 
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Figure  2;  Seasonal  changes  in  chl  a  for  Gravenhurst 
Bav.  Chub.  Dickie  and  Red  Chalk  lakes  in  1993. 


reflecting  long-term  change  or  whether  the>  are  simpK 
noise  based  on  the  collection  of  too  few  samples  each 
year  or  too  few  v  ears  of  data  bemg  used  to  detect  the 
change.  Development  objectives  for  individual  lakes 
that  are  based  on  chlorophyll  will  therefore  be  difficult 
to  assess  since  it  will  be  imposible  to  tell  the  ditTerence 
between  the  actual  surpassmg  of  objectives  and  simple 
variation  based  on  the  collection  of  too  few  samples. 
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Figure  3:  Long-term  variation  in  ice-free  Chl  a  for 
Gravenhurst  Bay  and  South  Bay  (Lake  Muskoka). 

These  problems  tend  to  increase  in  severity  with 
increasing  trophic  status  such  that  the  situations  that 
require  the  most  attention,  le;  more  ennched  systems, 
also  tend  to  require  the  most  samples  to  descnbe 
accuratelv- 


Table  1 ;  Number  of  chlorophv  11  samples  required  each  v  ear 
and  the  number  of  vears  of  data  requu-ed  to  be  \\ithin 
specified  percents  of  the  acUial  mean.  Number  of  years  of 
data  Ls  based  on  seasonal  mean.s  that  are  approx. within  20%. 


#  samples/year 
%  of  mean  10        20        50 


#  years 
10        20        50 


Blue  CHALK  55      14      2 
Harp  59      15      2 

Dickie  126    32      5 


3         1  1 

7        2        1 
16      4         1 


CELL  DENSITY  VS  PIGMENT  CONCENTRATION 
Finally,  the  whole  picture  is  further  complicated 
b>  the  fact  that  chlorophvll  concentrations  arc  not 
aiwavs  tied  to  phvtoplankton  cell  densities.  The  actual 
concentration  of  chlorophv  11  in  algal  cells  is  determined 
by  incident  radiation,  species  composition,  nutnent 
supply  and  certam  aspects  of  algal  phv  siologv .  These 
determinants  have  a  seasonal  component  such  that  the 
correspondence  between  chlorophvll  a  and  algal  cell 
densities  is  not  constant. 

These  relationships  can  further  be  specific  to  different 
chlorophyll  pigments,  hi  most  cases  chlorophvll  a  or  a 
version  of  chlorophv  11  a  corrected  for  phaeopigments  is 
used    to    represent    the    phvtoplankton    community 


Sometimes  chl  b  or  chl  c  arc  quoted  but  often  the 
relationship  between  the  concentrations  of  specific 
pigments  and  the  concentrations  of  algal  cell  in  the  lake 
do  not  correspond  because  the  cells  in  greatest 
abundance  do  not  contain  pigments  that  are  being 
measured.  Also,  algal  communities  are  changing 
seasonally  back  and  forth  betwt>en  those  that  contain  the 
investigator's  pigment  of  choice  and  those  that  do  not. 


CONC  LISIONS  AND  RECOM.MENDATIONS 
When  all  of  these  problems  are  considered  it 
makes  it  diflicult  to  recommend  chlorophyll  as  a  trophic 
status  indicator  in  situations  where  small  amounts  of 
data  are  colkx'ted.  Most  of  the  problems  outlined  above 
are  amplified  by  the  collection  of  too  little  data.  This  is 
not  to  say  that  chlorophyll  data  should  not  be  collected. 
A  great  deal  of  usefull  data  exists  that  show  the  elTects 
of  phosphorus  load  reductions,  zebra  mussels,  etc.  on 
chloroph\  II  concentrations  These  arc  gcneralh  based 
on  large  data  sets  that  are  not  plagued  by  seasonal  or 
inter-annual  \anation. 

Since  virtualK  none  of  the  same  problems  outlined  for 
the  collection  of  chlorophyll  data  appK  to  the  collection 
of  total  phosphorus  data  it  is  probabK  better  to  use  total 
phosphorus  as  an  mdicator  of  trophic  potential  in 
situations  where  minimal  data  sets  are  being  collected. 

Lastl>.  the  cost  of  monitoring  the  trophic  status  of  a  lake 
based  on  spnng  tumo\er  TP  would  be  a  fraction  of  that 
involved  with  using  chlorophyll.  Spring  turnover  total 
phosphorus  based  trophic  status  estimates  v\ould  require 
only  one  \  isil  to  each  lake  per  \  ear.  Since  ice-free  mean 
chloroph)  II  estimates  require  at  least  6  or  7  visits  per 
year  and  considering  that  the  chloroph\  II  test  is  approx 
4  times  as  expensive  as  a  TP  test,  the  relati\ e  difference 
in  test  costs  alone  would  be  in  the  neighbourhood  of  25 
times.  When  staff  and  transportation  costs  are 
considered  the  numbers  become  significantly  different. 
Cost  aside,  the  results  would  be  much  more  reliable 
when  based  on  total  phosphorus  such  that  it  would  be 
recommended  in  almost  e\  er\  case  to  base  trophic  status 
estimates  on  total  phosphorus  If  mformation  about  the 
ph\toplankl.on  community  must  be  collected,  managers 
should  consider  collectmg  seasonal  composite 
ph\toplankton  enumeration  samples.  Generalh. 
weekl> .  bi-weekl\  or  monthh  phxtoplankton  samples 
are  collected  and  fixed  w  ith  Lugols  fixati\  e.  These  ma\ 
be  combined  at  the  ennumeration  Lab  m  Re.xdale  and 
coimted  to  pro\  ide  seasonal,  mean,  phytoplankton  cell 
densities.  These  numbers  will  relate  better  to  trophic 
status  than  wall  chlorophyll  estimates  (Fig.4)  and  the 
costs  will  still  be  approximately  half 
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Figure  4:  Relationship  between  total  phosphorus  and 
chlorophyll  a  (lefi)  and  phytoplankton  cell  volume 
(right). 

Details  about  estimating  the  trophic  status  of  a  lake 
based  on  total  phosphorus  are  available  in  STB  Tech. 
Bull.  AqSS4 
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